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Figure 1. Model of somatic hypermutation. During RNA polymerase-mediated transcription (RNAP, orange
oval), AID (yellow oval) and co-factors (blue oval) deaminate cytosines (C) on the single-stranded DNA of
the transcription bubble to generate uracil (U). The result of the reaction is a G-U mismatch, which can be
resolved as follows: A) G-U mismatches remain unaltered, enter DNA replication and result in C!T
mutation. B) UNG removes uracil to generate an abasic site, which can be filled with any base during
replication. C) Mismatch repair (MMR) proteins bind to the G-U base mispairs or G-abasic mismatches and
recruits additional MMR proteins, error prone polymerases and B cell specific subversion factors to generate
and fix mutations. D) UNG removes uracil and the abasic site is processed by base excision repair in an
error free manner. (Model and figure modified after Li et al., 2004 and Neuberger et al., 2003)
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Figure 2. General model of fixing mismatches during somatic hypermutation. A) Normal postreplicative
mismatch repair (MMR) in which the parental DNA strand serves as template to eliminate the mutation. B)
Backward repair during somatic hypermutation: The newly synthesized DNA strand serves as template and
MMR fixes the mutation in the parental strand. C) Mutation activation genes (MAG) introduce mutations in
the parental DNA strand during somatic hypermutation, which would remain undetected and would be fixed
in the newly synthesized DNA strand. D) Epigenetic marker loss causes undifferentiated integration of
mutations by mutation activation genes (MAG) in the parental and newly synthesized DNA strand. MMR
fixes mutations with a 50:50 chance in one of the DNA strands depending on which strand would serve as
repair template. (modified after Shannon and Weigert, 1998)
!"#$%&’’()&*"%$")+,-%(.-+*.%/".%$.,.*/#)0%’(.$$+(.%/)1&(-$%/".%&0/#2.0%&0-%/".%&0/#3)-4
$’.*#5#.$%&0&,46.-%$")+,-%(.’(.$.0/%/".#(%70&/+(&,7%&0/#2.0%.08#()09.0/%:;&$*&,")%!"#$%&<
=>>?@A%B+3$.C+.0/,4<%$.,.*/.-%DE(.2#)0$%1.(.%&9’,#5#.-%34%F;G%&0-%/".%’()-+*/$%1.(.
$.C+.0*.-A%H(.4%!"#$%A%:H(.4%!"#$%&<%=>>?@%&0-%)/".($%:I&*)3$%!"#$%&<%=>>?J%F"+02%!"#$%&<
!""#$%&’()*%)’%*+&&,-,).,% +)%/(010+’)%&-,2(,).+,3%4,05,,)%6789:*,&+.+,)0%/+.,%1)*
5+;*% 0<=,%/+.,%5>,)% 0>,<%1)1;<?,*%3=;,)+.%@,-/+)1;%.,)0,-%.,;;3A%B(0%5>,)% 0>,%31/,
@-’(=3%1)1;<?,*%C,<,-D3%=10.>%@,-/+)1;%.,)0,-%B%.,;;3%&-’/%0>,%31/,%/+.,E%0>,<%’43,-F,*
1%3+@)+&+.1)0%-,*(.0+’)%+)%/(010+’)%&-,2(,).+,3%GH-,<%!"#$%&E%!""#I%C>()@%!"#$%&E%!""#$A%J0
.1)%0>(3%4,%.’).;(*,*%0>10%+)%’-*,-%0’%30(*<%0>,%+)&;(,).,%’&%/+3/10.>%-,=1+-%=-’0,+)3%+)
3’/10+.% ><=,-/(010+’)E% 1% 3<30,/% 5+0>’(0% 3,;,.0+’)% =-,33(-,% 4<% 1)0+@,)% 5’(;*% 4,
*,3+-14;,A
J)% 1**+0+’)% 0’% 0>,% 1;0,-,*% /(010+’)% &-,2(,).+,3E% /(010+’)1;% =100,-)3% 3,,/% 0’% *+&&,-
*,=,)*+)@%’)% 0>,%66K%=-’0,+)% 0>10% +3%L)’.L,*%’(0A%6789%’-%678M%L)’.L%’(0%/+.,
3>’5%0>,%/1N’-+0<%’&%/(010+’)3%+)%OP%413,%=1+-3%,/4,**,*%+)%0>,%QKPR%/’0+&E%;,1*+)@
0’% O!S%’-%P!T% 0-1)3+0+’)3% GC>()@% !"#$%&E% !""#I%K1*1%!"#$%&E% !""#$A%Q>,-,13%/+.,
*,&+.+,)0%+)%6U8!%’-%C679%*’%)’0%,V>+4+0%*-1/10+.%1;0,-10+’)3%+)%0>,+-%/(010+’)%3=,.0-1E
4(0%30+;;%-,F,1;%*,.-,13,*%/(010+’)%-10,3%GP13.1;>’%!"#$%&E%!""#I%C>()@%!"#$%&E%!"""$A
!"#"$%&’(’)*+$,(’-.$/-(.&,-/-+’.
S3% 1;-,1*<% /,)0+’),*E% /’30% ’&% 0>,% 66K% *101% +)% 3’/10+.% ><=,-/(010+’)% 5,-,
1..(/(;10,*%+)%L)’.L%’(0%/’(3,%/’*,;3%5>,-,%3,;,.0+’)%=-,33(-,%0’51-*3%0>,%1)0+@,)
5+;;% +)&;(,).,% 0>,% -,1*% ’(0% ’&%/(010+’)% &-,2(,).+,3% 1)*%/(010+’)% =100,-)3A%8’5,F,-E
@,),-1;;<%’),%>13% 0’% .’)3+*,-%5>10% .;133+.%=’=(;10+’)%@,),0+.3% 01(@>0% 14’(0%/(010+’)
&-,2(,).+,3% GQ14;%!"#$%&E% !"#W$A% H1.0’-3% ;+L,%/(010+’)E% 3,;,.0+’)E%/+@-10+’)E% *-+&0% 1)*
-,.’/4+)10+’)%+)&;(,).,%0>,%&-,2(,).<%’&%1)%1;;,;,%+)%1%=’=(;10+’)A%X3=,.+1;;<%&’-%’(#)’)*
,V=,-+/,)03%0>,%Y3,;,.0+’)Y%&1.0’-%+)&;(,).,3%0>,%-,1*%’(0E%3+).,%.;’)1;%3,;,.0+’)%+3% 0>,
!"#$%&’"%(&)’&(*+&$,,-.+&#/#(+,0&1,,-.$2$.3&,$%+&45$6+#&(*+&%7)."7&#+7+%($).&85)%+##
".4& $(& #++,#& )!6$)-#& (*"(&,-("($).& ’5+9-+.%$+#& ".4&,-("($).& 8"((+5.#& 4+8+.4& ).& (*+
."(-5+&)’&(*+&".($3+.:&(*+&"887$%"($).&’)5,&".4&+.(5".%+&;"/&)’&(*+&".($3+.:&(*+&<&%+77
(/8+&"."7/2+4&".4&(*+&($##-+&+.6$5).,+.(&<&%+77#&;+5+&("=+.&’5),0&>-5(*+5:&(*+&4$#($.%(
4+’$.$($).&!+(;++.&?,-("($).&’5+9-+.%/?&".4&?,-("($).&5"(+?&.++4#&()&5+,"$.&%7+"50&@
*$3*&,-("($).&’5+9-+.%/&4)+#&.)(&.+%+##"5$7/&5+#-7(&$.&"&*$3*&,-("($).&5"(+&"#&#*);.&!/
A"!7&!"#$%&&BA"!7&!"#$%&:&CDEFG0
H"=$.3&(*+#+&$##-+#&$.()&%).#$4+5"($).:&(*+&$.&6$(5)&%),8"5(,+.("7$2"($).&(+#(&)’’+5#&(*+
)88)5(-.$(/& ()& "6)$4& (*+& $.’7-+.%+& )’& #+7+%($).:& ,$35"($).:& ".4& 45$’(& $.& %+77& %-7(-5+
+I8+5$,+.(#& B6).& <)5#(+7& !"# $%&:& CDFCG0& H*+& )5$3$."7& %),8"5(,+.("7$2"($).& (+#(& JKL
,+(*)4M&!/&N-5$"&".4&O+7!5P%=&4+8+.4#&).&"&,"Q)5$(/&)’&%7).+#&(*"(&4)&.)(&%).("$.&"./
,-(".(#&BN-5$"&".4&O+7!5P%=:&CDRSG0&<+%"-#+&).+&.++4#&()&+#($,"(+&(*+&"6+5"3+&.-,!+5
)’&,-("($)."7&+6+.(#&8+5&%7).+:&*$3*&.-,!+5#&)’&$.4$6$4-"7&%7).+#&.++4&()&!+&$.%7-4+4&8+5
+I8+5$,+.(T"& ($,+U%).#-,$.3& -.4+5("=$.3& BA"!7& !"# $%&:& CDEFG0& @.& +I8+5$,+.("7
#)7-($).&()&(*+&#)U%"77+4&N-5$"UO+7!5P%=&’7-%(-"($).&85)!7+,&$.&#),"($%&*/8+5,-("($).
;"#&’$5#(&"%*$+6+4&!/&<"%*7&!"#$%&&B<"%*7&!"#$%&:&CDDDG0&V+5+&"&*/8+5,-("($.3&%+77&7$.+&;"#
#("!7/&(5".#’+%(+4&;$(*&".&$.4$%"()5&87"#,$4:&;*$%*&%).("$.+4&"77&’()U"%($.3&+7+,+.(#&()
("53+(&(*+&,-("()50&W-("()5&"%($).&;"#&4+(+%(+4&!/&(*+&5+6+5#$).&)’&".&",!+5&#()8&%)4).
+,!+44+4& $.& (*+& XYZA& *)(& #8)(& ,)($’& ’)5& #),"($%& */8+5,-("($).& $.& "& 35++.
’7-)5+#%+.%+& 85)(+$.& 3+.+& JY>KM0&<"#+4& ).& ).+& %7).+:& "& #$2"!7+& %+77& 8)8-7"($).&;"#
35);.&-8&".4& (*+.&8-53+4& ’5),&85+U+I$#($.3& 5+6+5(".(#&!/& ’7-)5+#%+.%+&"%($6"(+4&%+77
#)5(+5&J>@[\M0&\)5(+4&%+77#&;+5+&("=+.&!"%=&$.()&%-7(-5+&".4&+I8".4+4&’)5&#),+&($,+0&@#
"&5+#-7(:&(*+&.-,!+5&)’&5+6+5(".(#&$.%5+"#+4&7$.+"57/&;$(*&($,+0&]6+.&(*)-3*&(*$#&,+(*)4
!"#$%& ’(")%& *+,& -#.)’/0,$1.2!3& 4$#!*#’*)"5& ,44,!*6& )*& 7*)$$& +’%& *"& %,’$& 8)*+& !,.*’)5
$)9)*’*)"57&"4&:"7)*)"5’$&,44,!*7&"4&*+,&*.’574,!*,%&.,:".*,.;
!"#"$%&’()*)($+),-
<".&*+)7&*+,7)76&=&+’%&*+.,,&7:,!)4)!&’)97>$?@A$0,(,$":&’&.,*."().’$&1’7,%&:")5*&9#*’*)"5
)5%)!’*".&7B7*,9;&?CA$D+’.’!*,.)E,&*+,&=FG&9’H".&)5*."5)!&,5+’5!,.&’5%&"*+,.&,5+’5!,.
,$,9,5*76& ’7& !"#/,$,9,5*7& )5& +B:,.9#*’*)"5;& I5%& ?JA$K)79’*!+& .,:’).& )5& 7"9’*)!
+B:,.9#*’*)"5&)5&5"5/L&!,$$7;
!"#"!"$%&’()*)($+),$!.$/’0’12&$3$4’5420)431$63-’7$&2)85$,9535)28$)87)(3524$-:-5’,
M"&9,’7#.,&9#*’*)"5&.’*,7&4’7*&’5%&.,$)’1$B6& =&7,*&"#*& *"&%,(,$":&’&.,*."().’$& )5%)!’*".
7B7*,9&4".&+B:,.9#*’*)"5&*+’*&!’5&1,&#7,%&)5&!,$$&$)5,7&’5%&8"#$%&9"5)*".&9#*’*)"5&.’*,7
’5%& *.’57!.):*)"5& .’*,7& 7)9#$*’5,"#7$B;&<#.*+,.9".,6&9#*’*".&’!*)()*B& 7+"#$%&1,&,’7)$B
%,*,!*,%&1B&4$"8&!B*"9,*.B;&L,!’#7,&.,*."().#7,7&’.,&’1$,&*"&)54,!*&+)F+&5#91,.7&"4&!,$$76
’5%&1,!’#7,&*+,&.,*."().’$&!"57*.#!*7&)5*,F.’*,&’*&%)44,.,5*&7)*,7&"4&*+,&+"7*&!,$$&F,5"9,6&’
:"7)*)"5& ,44,!*& )7& $,77& $)3,$B& *+’5& 4".& $"8& 5#91,.7& "4& 7*’1$,& *.’574,!*’5*7;& <#.*+,.6
8".3)5F& 8)*+& +)F+& 5#91,.7& "4& )54,!*,%& !,$$7& ’(")%7& *)9,& ’5%& 9’*,.)’$& !"57#9)5F
!"9:’.*9,5*’$)E’*)"5& *,7*76& 8+)!+& ’.,& 5,!,77’.B& 8+,5& ,(,5*7& 4"$$"8& ’& N")77"5
%)7*.)1#*)"5O& )57*,’%6& ’&5".9’$& ?P’#77A&%)7*.)1#*)"5&!’5&1,&,Q:,!*,%;&<)5’$$B6&8".3)5F
8)*+&1#$3&!#$*#.,7&’(")%7&*)9,&!"57#9)5F&7)5F$,&!,$$&7#1!$"5)5F;
!"#"$"% &’()*+*)%,*-% $.!/0121)3(2*4(% 30(% 567%-1892% *:329:*)% (:01:)(2% 1:;% 930(2
(:01:)(2%(<(-(:3=>%1=%)*=?(<(-(:3=%*:%0@’(2-A313*9:
"#$%! &! ’($&$#)*! #*+#,$)-! ./.$0’! #*! %&*+! $%&$! &11)2.! $)! .#’(1$&*0)(.1/! ’)*#$)-
$-&*.,-#3$#)*! -&$0.! &*+! ’($&$#)*! -&$0.4! $%0! 31&*! 2&.! $)! .$(+/! $%0! -)10! )5! !"#6&,$#*7
010’0*$.! #*! $&-70$#*7!.)’&$#,!%/30-’($&$#)*8!90,&(.0! #$! #.!:*)2*! $%&$!%/30-’($&$#)*
-&$0.! ,)--01&$0! 2#$%! $-&*.,-#3$#)*! -&$0.4! ;! .0$! )($! $)! .$(+/! $%0! &<#1#$/! )5! =&-#)(.
#’’(*)71)<(1#*! &*+! )$%0-! 0*%&*,0-! 010’0*$.! $)! $&-70$! $%0! ’($&$)-! ,)’310>! $)! $%0
#*+#,&$)-!70*0?! &*+! $%0#-! 5(*,$#)*!&.! $-&*.-#3$#)*&1!0*%&*,0-.8!@%#.!2)(1+!<0!+)*0!</
31&,#*7!0*%&*,0-!010’0*$.!&$!=&-#)(.!1),&$#)*.!2#$%#*!$%0!-03)-$0-!,)*.$-(,$8
!"#"B"%&’()*+*)%,*-%B.!C*=-13)0%2(’1*2%*:%=9-13*)%0@’(2-A313*9:%*:%:9:?D%)(<<=
AAB!+05#,#0*,/!10&+.!$)!&!.(<.$&*$#&1!-0+(,$#)*!)5!$%0!’($&$#)*!-&$0!#*!$%0!C6-07#)*!)5
%/30-’($&$#*7!9!,011.8!D)*.0E(0*$1/4!20!%/3)$%0.#F0+!$%&$!$%0!’#.’&$,%!-03&#-!./.$0’!#.
,)6)3$0+!#*!%/30-’($&$#*7!9!,011.4!&*+!$%&$!#$!&,$#=01/!5#>0.!<&.0!’#.’&$,%0.!#*!C!-07#)*.
-&$%0-!$%&*!-03&#-#*7!$%0’8!G#*,0!5#>#*7!’#.’&$,%0.!*00+.!$)!<0!-0.$-#,$0+!$)!&,$#=&$0+!9
,011.4!#$!2&.!.(770.$0+!$%&$!)*0!)-!’)-0!9!,011!.30,#5#,!5&,$)-.!2)(1+!<0!#*=)1=0+!#*!$%0
3-),0..8!H)20=0-4!#*!*)*69!,011.4!$%0!1)..!)5!AAB!.%)(1+!#*,-0&.0!$%0!’($&$#)*!-&$04!)-4
#5!#$!#.!=0-/!%#7%4!*)$!#*51(0*,0!#$!&$!&118!;!.0$!)($!$)!$0.$!$%0.0!&..(’3$#)*.!#*!&!:#+*0/!,011
1#*04!2%#,%!&11)2.!-07(1&$0+!0>3-0..#)*!)5!$%0!’#.’&$,%!-03&#-!3-)$0#*!AIHJ8!A($&$#)*
5-0E(0*,#0.!2)(1+!<0!’0&.(-0+!</!(.#*7!-0$-)=#-&1!3)#*$!’($&$#)*!#*+#,&$)-!=0,$)-.!#*!$%0
3-0.0*,0!&*+!&<.0*,0!)5!AAB8
!"#$%&’()%*+#%,-#$’&./-+
!"0"#$%&’()%*+
!"0"0"#1,+&(23’,&+
!"#$%&’()"* +,%-.//01!23!40%,$,%*05+640++7809+,%-.//40:&/;&#)$,#40!6<
=">?#,+@&#0140%,$,%*0;&>%,@/.$"0>.%%&"%09+,%-.//40:&/;&#)$,#40!6<
A!12;.>?&#"B* A=!2CDD0A"/$&"%0=?"%;./0!E>/"%09FG01"B".%>?40:.$"%$,H#40F6<
A=!2IDD0A"/$&"%0=?"%;./0!E>/"%09FG01"B".%>?40:.$"%$,H#40F6<
5"/2"/">$%,@?,%"B"B* J,"’"%0+>&"#$&’&>0&#B$%(;"#$B09J,"’"%0+>&K40+.#0L%.#>&B>,40!6<
A?,$,0M,>(;"#$.$&,#*0NO2/.;@*0A%"@0P40L,$,ME#"09L,$,ME#"40L,B$"%0!&$E40!6<
!.;"%.*0L,$,ME#"0.#M0A,/.%,&M0’&/;
+@">$%,@?,$,;"$"%*00 +@">$%,#&>0QDC09R.(B>?0.#M0S,;T40+.#0!/";"#$"40!6<
!(/$(%"2B?.U"%* P##,-.08DDD09V"H0R%(#BH&>U0B>&"#$&’&>40A%&#>$,#40VG<
!I809V"H0R%(#BH&>U0B>&"#$&’&>40A%&#>$,#40VG<
P#>(T.$,%*0 O:10C37D09O:10+>&"#$&’&>0P#>K40J.EH.%M40!6<
PB,$";@03DD09L&B?"%0+>&"#$&’&>40+.#0L%.#>&B>,40!6<
P+2QC096;"%&>.#0+>&"#$&’&>40S.0G,/.40!6<
!"//0>(/$(%"2&#>(T.$,%*0R3DQD2WX2!YI09J."%."(B40Z&.)#,B$&>0A%,M(>$0!,%@,%.$&,#4
0+.#0L%.#>&B>,40!6<
@J2;"$"%* @JP2F"$"%09R">U;.##40Z&.)#,B$&>0A%,M(>$0!,%@,%.$&,#40+.#
L%.#>&B>,40!6<
L6!+ F,L/,H!09!E$,;.$&,#40L,%$0!,//&#B40!S<
L6!+0O.#$.)"!09R">$,#0Z&>U&#B,#40L%";,#$40!6<
!"0"!"#4,563’+#%,-#(’%7&)/,#8)&+
6//0 %"B$%&>$&,#0 "#[E;"B0 H"%"0 ,T$.&#"M0 ’%,;0 V"H0 W#)/.#M0 R&,/.TB0 9V"H0 W#)/.#M
R&,/.TB40R"-"%/E40F6<K0=.\20.#M0A’(2ZV60@,/E;"%.B"B0H"%"0,T$.&#"M0’%,;0P#-&$%,)"#
9P#-&$%,)"#40!.%/BT.M40!6<K
!"#$%&’’&()*+$,#-./)&*$0)/1$(#,#$21#3$%&,$/")1$/"#1)14
5)/$/67# 8-0#,
9’-1:)3$)1&’-/)&*$0)/14
;<=7,#7!$17)*$8)*)7,#7$0)/
;<=%)’/#,∀$9’-1:)3$8->)$0)/
;<=?@$<<∀$+#’$#>/,-./)&*$0)/
A’)+&/#>∀$:BC=$8)*)$0)/
DC#-16$!)112#$0)/
E27#,E.,)7/∀$<<<$BC-1#$FG$B!
;2).0H"-*+#∀E)/#GD),#./#3$82/-+#*#1)1
;)-+#*I$J-’#*.)-I$H=
;)-+#*I$J-’#*.)-I$H=
;)-+#*I$J-’#*.)-I$H=
;)-+#*I$J-’#*.)-I$H=
<*K)/,&+#*I$H-,’1L-3I$H=
E/,-/-+#*#I$M-$N&’’-I$H=
!"#"$"%&’()*+,)-.%/’,%-’012-%3+’456/(-,%/’()7/’()*+,)-.
=<D$&%$"2:-*$&,$:&21#$&,)+)*$(-1$3#/#./#3$()/"$-$7&’6.’&*-’$,-LL)/$-*/)G=<D$-*/)L&36I
(")."$ (-1$ -$ 0)*3$ +)%/$ &%$ OP$QP$ =’/$ RH"-23"2,)$ !"# $%PI$ STTUVP$=<D$ -*/)L&3)#1$(#,#
3#/#./#3$ )*$ (#1/#,*$ L’&/1$ ()/"$ +&-/$ -*/)G,-LL)/$ <+W$ XFYMZGFB9$ X"2:-*$ -*3$ :&21#
-31&,L#3Z$-*/)L&3)#1$ RE&2/"#,*$[)&/#."*&’&+6$=11&.)-/#1$ <*.PI$[),:)*+"-:I$=MVP$!&
3#/#./$"2:-*$8MF\I$:&*&.’&*-’$:&21#$-*/)G"2:-*$8MF\$-*/)L&36$R[D$9"-,:)*+#*I
E-*$ N&1#I$ H=V$ (-1$ 21#3I$ %&’’&(#3$ L6$ FB9G.&*]2+-/#3$ +&-/$ -*/)G:&21#$ <+W$ XFYMZ
7&’6.’&*-’$ -*/)L&36$ RE&2/"#,*$ [)&/#."*&’&+6$ =11&.)-/#1$ <*.PI$ [),:)*+"-:I$ =MVP$ =
7&’6.’&*-’$,-LL)/$-*/)G:&21#$-./)*$1#,2:$RA*.&+#*#$B#1#-,."$9,&32./1I$E-*$D)#+&I$H=V
(-1$21#3$/&$3#/#./$:&21#$-./)*$)*$’&-3)*+$.&*/,&’1P$!"#$-*/)G-./)*$=L$(-1$3#/#./#3$()/"$-
+&-/$ -*/)G,-LL)/$ <+W$ =L$ .&27’#3$ /&$ FB9$ RE&2/"#,*$ [)&/#."*&’&+6$ =11&.)-/#1$ <*.PI
[),:)*+"-:I$=MVP
!"#"$"!%&’()*+&,-.(*&+/.
"#!$%&#’#(!)*+,*-(’-)!,#.!/&+!0%,)1’.!)*&+,(-2!!"#$%&!34567!$-%%)!8"#9’*+&(-#2!:,+%);,.2
:<=! >-+-! ?)-.@! <)! ,! +-$’0’-#*! /&+! +-$&1;’#,#*! AB<! 1&.’/’-.! ;C! )’*-! .’+-$*-.
1?*,(-#-)’)!>’*D!*D-!E’,F?’$G!:D,#(-!!G’*2!H0’$?+’,#!$&%’!!IJ!6KL%?-!)?0-+$&10-*-#*
$-%%)!>-+-!?)-.!8M*+,*,(-#-2!J,!N&%%,2!:<O!L?%%&$G!’()*%"2!6PQR=@
!"#$%&!)*+,’# S-#&*C0-
3&067
H0’$?+’,#!$&%’!!IJ
6KL%?-
TK!1$+<!∀U1++KD).VWMK1$+L:X!#Q7%,$Y∀W6Z!∀%,$IR[!+-$<6
.-&V!,+,A6\P!∀U,+,K%-?XR]PR!(,%^!(,%_!+0)J!UM*+VX!-#.<6!#?0S
V-$<6!-#.<6!(C+<P]!*D’K6!D).V6R!)?0H[[!+-%<6!%,$!8T‘!0+&<L
%,$%FY∀W6Z!3#67!U3-*‘X=
!"#"0"-1,&.2+3-&/3-*)(*45+*&,-5)’(4*-’4/.(*6’(+4/
3&!$+-,*-!0JB:IaK-ST52! *D-!ST5!(-#-!&/!0HST5KB"!8:%&#*-$D2!M,#!N&)-2!:<=!>,)
-b$’)-.!/+&1!*D-!+,$"!,#.!-$("!+-)*+’$*’&#!)’*-)!,#.!0%,$-.!’#*&!*D-!,$$&+.’#(!+-)*+’$*’&#
)’*-)!&/!0JB:Ia!8:%&#*-$D2!M,#!N&)-2!:<O!/’(?+-![=@!3D-!$&.’#(!)-F?-#$-!&/!,$*’9,*’&#
’#.?$-.!$C*’.’#-!.-,1’#,)-!U<"AX!>,)!+-9-+)-!*+,#)$+’;-.!/+&1!1VB<!&/!*D-!1?+’#-!6QK
Q6!0+-!LK$-%%!%’#-2!>D’$D!-b0+-))-)!<"A!$&#)*’*?*’9-%C!8c,;%!’()*%"2!6PQZO!L,$D%!’()*%"2
a776=@!T&+!)0-$’/’$!,10%’/’$,*’&#!&/!<"A!/+&1!$AB<!*D-!0+’1-+!)-*!<"AK/>.!,#.!<"AK
;,$G!>,)!?)-.!8a@6@Z=@!3D-!5:V!0+&.?$*!>,)!$%&#-.!’#*&!*D-!0:Va@6K3454!!0%,)1’.
8M*+,*,(-#2!J,!N&%%,2!:<=!;-/&+-!’*!>,)!*+,#)/-++-.!’#*&!*D-!.&/0"""!,#.!-$("!)’*-!&/!*D-
+-*+&9’+,%!0JB:Ia!9-$*&+!*&!$+-,*-!0JB:IaK1<"A@
!""#$%&’&()*#(*+(,’&)-#."’/$(+/#01-1#2’/1+#)*#&31#-1&-)4(-’"#56789:6;<91=>?#41,&)-
@ABCD:=E#FGDHD#I)-1*/J#%*.%2"(/31+J#K(L%-1#MNJ#03(,3#(/#+1-(41+#K-)$#&31#.OP9+/=#."’/$(+
FI)-1*/#!"#$%&J#CBBBND
!"#$%&’(%)"*+%,’(-./012345-Q)#,-1’&1#&31#56789R>?#@ABCDRE#/(*L"1#,)")-#.)/(&(41
,)*&-)"J# &31# 1R>?# ,)+(*L# /1S%1*,1# )K# &31# .;R>?#."’/$(+# F5")*&1,3J# <’*# G)/1J#5!N
-1."’,1+#&31#:6;<9=>?#K-’L$1*&#21&011*#&31#’():#’*+#*)":#-1/&-(,&()*#/(&1/#(*#ABCD:=D
Q31#ABCDR9:=#&0)9,)")-#.)/(&(41#,)*&-)"#41,&)-#0’/#,-1’&1+#2T#K(-/&#’$."(KT(*L#&31#1R>?
L1*1# K-)$# .;R>?# %/(*L# &31#R>?9’():#’*+# &31#R>?9+,"U:# .-($1-# FCDAD8ND# Q31# ?56
.-)+%,&#0’/#(*&-)+%,1+#(*&)#&31#ABCD:=#41,&)-#4(’#&31#’():#’*+#+,"U:#-1/&-(,&()*#/(&1/D#Q)
.-1.’-1#&31#.)(*&#$%&’&()*#(*+(,’&)-#L1*1J#’*#’$21-#/&).9,)+)*#0’/#(*&-)+%,1+#’&#2’/1
.’(-# VCA# (*&)# &31# 1R>?# ,)+(*L# /1S%1*,1# 2T# /(&1# +(-1,&1+# $%&’L1*1/(/# %/(*L# &31
W%(,X53’*L1!<(&19Y(-1,&1+#Z%&’L1*1/(/# X(&# 0(&3# &31# R>?9/&).# )"(L)$1-1# FCDAD8ND
?"’/$(+# .;R>?# /1-41+# ’/# &1$."’&1# K)-# &31# -1’,&()*# ’*+# &31# ,-1’&1+# /1S%1*,1# 0’/
+1/(L*’&1+#R@UED#R@UE#0’/#?56#’$."(K(1+#%/(*L#&31#R>?9’():#’*+#R>?9+,"U:#.-($1-
/1&# ’*+# (*&-)+%,1+# (*&)# &31#’():# ’*+# +,"U:# -1/&-(,&()*# /(&1/# )K# ABCD:=# &)# ,-1’&1# &31
ABCDR@UE9:=#41,&)-D
!"#$%64"/7%)"*+%,’(-02841390145-:*#)%-#,")*(*L#/&-’&1LT#&)#$’X1#.)(*&#$%&’&()*
(*+(,’&)-#."’/$(+/J#01#$%&’&1+#&31#/1-(*1#,)+)*#755#’&#’’#.)/(&()*#A[O#&)#’#75!#,)+)*
03(,3#’"/)#1*,)+1+#K)-#/1-(*1J#(*#&31#Y/61+C#L1*1#F\"’/1*#’*+#]’2"J#CBBMND#Q3(/#/("1*&
.)(*&#$%&’&()*#+1/&-)T1+#&31#+,"U:#-1/&-(,&()*#/(&1#(*#&31#Y/61+C#L1*1D#Q)#)2&’(*#&3(/
$%&’*&J#.Y/61+C9A#/1-41+#’/#?56#&1$."’&1#K)-#/(&1#+(-1,&1+#?56#$%&’L1*1/(/#%/(*L#&31
Y/61+9$%&#8V[#)"(L)$1-#FCDAD8N#’*+#&31#W%(,X53’*L1!<(&19Y(-1,&1+#Z%&’L1*1/(/#X(&D
A.
B.
Figure 3. Plasmid maps of (A) pLNCX2 [Clontech, San Jose, CA] and (B) 102.21 (CRU5-IRES-eGFP) [J.B.
Lorens, Rigel Inc., San Francisco, CA]. CRU5 = composite minimal CMV and MoMuLV 5'LTR promoter
fusion, ! = (extended) packaging signal, IRES = internal ribosome binding site, eGFP = enhanced green
fluorescence protein, CMV IE = full size immediate early CMV promoter, Neor = neomycin resistance gene,
LTR  = long terminal repeat
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Figure 4. Western blot analysis of endogenous AID
expression in 18-81 cells, NIH/3T3 cells, and in 70Z/3
cells. 100 µg whole cell lysate (estimated by Bradford
method) of various cell lines was separated on a 10%
SDS-PAGE and AID was detected using a polyclonal
rabbit-anti-AID serum. Lane 1, 18-81 lysate; lane 2,
NIH/3T3 lysate, lane 3: 70Z/3 lysate. To the left of the
blot, molecular weight markers; to the right, position of
AID.
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Figure 5. Flow cytometry analysis of GFP expressing cells. Fluorescent positive cells were gated, and
transduction rates and relative x-means were determined. Transiently transfected Phoenix E cells (A) and
transduced 18-81 cells (B) expressing the retroviral CRU5-IRES-GFP (IG) or pLNCX2-eGFP vector,
respectively.
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Figure 6. Schematic of CRU5-IRES based indicator vectors. IRES = internal ribosome entry site, DsRed537
= mutated DsRed2 red fluorescence protein, GFP = enhanced green fluorescence protein, YFP = enhanced
yellow fluorescence protein, Rm = DsRed537 red fluorescence protein, Eµ = 1 kb immunoglobulin heavy
chain intronic enhancer, !i = 721 bp kappa light chain intronic enhancer fragment, !3' = kappa light chain 3'
enhancer, SV40 = SV40 enhancer, CMV IE = CMV immediate early promoter, stop, *, (X) = TAG amber stop
codon embedded in RGYW mutational hot spot motif!
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Figure 7. Flow cytometry analysis of YFP and GFP expressing NIH/3T3 cells. Cells were transduced with
YFP (102.Y) or GFP (102.IG) containing vectors individually (first row), sequentially (second row, panel 3
and 4) or both fluorescence proteins were expressed by one plasmid (third row) (102.Y-IG). Y = eYFP, G =
eGFP, I = IRES, Y(X) = eYFP with amber stop codon.
!"#"$"%&%’()*+,%-.(+,%/0,1,(.+%(+%2’3*4%5*’0),(+6%(+%*+71+8*4%5*)1,(9*%:)0.5*’8*+8*
(+,*+’(,;
!"# $%"&’# ()*# (+",-.&(*# ’&//*0*1(# /0"2# *$3)# "()*0,(*245$(*# 6+&(3)# 4)*1"2*1$7# 8
5""9*’#$(#/5."0*63*1(#40"(*&16#()$(#$0*#1"(#’*0&%$(&%*6#"/#:;<=#;.0()*02"0*7#8#+$1(*’#("
>*1*0$(*#$1#&1’&3$("0#()$(#3$1#?*#$66$@*’#&1#()*#0*’#3)$11*5#&1#()*#/5"+#3@("2*(*0=#!)*
40"(*&1#A6B*’C#)$6#"15@#CDE#AFG#6*-.*13*#6&2&5$0&(@#("#:;<#HI$0?0".>)#!"#$%=7#CJJKL
$1’#&6#$#3$1’&’$(*#/"0#6.3)#$1#&1’&3$("0=#A6B*’C#&6#$1#&240"%*’#%$0&$1(#"/#A6B*’7#+)&3)
+$6#"0&>&1$55@#35"1*’#/0"2#$#3"0$5#"/#()*#A&63"6"2$#>*1.6#HM$(N#!"#$%=7#KOOOL=#A6B*’C
+$6#6)"+1#("#?*#5*66#("P&3#?*3$.6*#"/#&(6#&130*$6*’#6"5.?&5&(@#()$1#()*#"0&>&1$5#A6B*’#$1’
()*#40"(*&1#2$(.0*’#/$6(*07#+)&3)#0*’.3*6# ()*# (&2*#/0"2#(0$16/*3(&"1# ("#’*(*3(&"1#HQA
Q&"63&*13*6#R5"1(*3)7#<$5"#G5("7#RGL=#<$0(&3.5$05@7# &(6#*2&66&"1#2$P&2.2#$(#STU#12
2$9*6# &(# *$6@# ("# 6*4$0$(*# /0"2# :;<# +&()# $1# *2&66&"1# 2$P&2.2# $(# SJT# 12=# ;"0
*P40*66&"1#&1#2$22$5&$1#6@6(*267#()*#>*1*#+$6#3"’"1#"4(&2&N*’#$33"0’&1>#("#()*#).2$1
3"’"1#.6$>*#($?5*#/"0#)&>)5@#*P40*66*’#>*1*6#HV$$6#!"#$%=7#KOOWL7#("#1"+#)$%*#$55#6*0&1*6
*13"’*’# ?@# ()*# 40*’"2&1$1(#XRR#3"’"1=# 81# ).2$1# 3*5567#XRR# 0*30.&(6# $1# $?.1’$1(
6*0&1*#(BFG#+&()#$#/0*-.*13@#"/#KU=T#(&2*6#4*0#KJJJ#3"’"16#H)((4YZZ+++=9$N.6$="0=[4Z
3"’"1ZL=#!)*#XRG#3"’"17#+)&3)#$56"#&13"04"0$(*6#6*0&1*7#&6#5*66#/0*-.*1(#\KC=D#(&2*6#4*0
KJJJ#3"’"16]=#;.0()*02"0*7#?*(+**1#).2$1#$1’#2".6*7#()*#XRR#("#XRG#(BFG#0$(&"6
’&//*0#"15@#65&>)(5@#+&()#K=^WYK#$1’#K=SUYK7#0*64*3(&%*5@=
81#2@#35"1&1>#6(0$(*>@#8#1**’*’#("#’*6(0"@#()*#&’"_8#0*6(0&3(&"1#6&(*#$(#1.35*"(&’*#4"6&(&"1
SDU#&1#()*#A6B*’C#>*1*#&1#"0’*0#("#&1(*>0$(*’#&(#&1("#()*#&’"_8#6&(*#"/#()*#KJC=8:#%*3("0=
!"#"?($&1# ()&6#2.($1(7# ()*# 4A6B*’C‘K# 6*0%*’# $6#<RB# (*245$(*# /"0# 6&(*# ’&0*3(*’#<RB
2.($>*1*6&6#&1#+)&3)#8#2.($(*’#()*#6*0&1*#3"’"1#XRR#$(#$$#4"6&(&"1#KUO#("#$#XRG#3"’"1
!"# $%&#’()&*+#,&"&-#.&/01(&# $%&#234/&*13&# 3&250/&*# $%&# /6$!*!"&#76# 0"# 0*&"4(!"&# 0$
"1/5&4$!*&# 24(!$!4"# 89:;# $%&# <1$0$&*# ,&"&# =0(# *&(!,"0$&*# ’()&*89:-# >4# /4<203&
<1$0$&*#0"*#43!,!"05#’()&*;#74$%#,&"&(#=&3&#/54"&*#!"$4#$%&#!"#?#0"*#$#%?#3&($3!/$!4"
(!$&(#4@#$%&#AB+-?C#D&/$43#3&250/!",#$%&#?)EFGCHI#@30,<&"$#JH!,-#8K-#>%&#L)M8#D&/$43
0554=(#$4#&!$%&3#$30"(!&"$56#&N23&((#’()&*#*!3&/$56#@34<#$%&#250(<!*;#*3!D&"#76#$%&#LOP
234<4$&3;#43#76#$%&#3&$34D!305#OOQP#234<4$&3#0@$&3#($075&#!"$&,30$!4"#4@#$%&#234D!31(
!"$4# $%&#%4($# /&55#,&"4<&-#>4#234*1/&# 3&$34D!305#203$!/5&(;#I%4&"!N#E#20/R0,!",#/&55(
=&3&# $30"(!&"$56# $30"(@&/$&*-# H43# $30"(*1/$!4";# S?TU9>9# /&55(# 0"*# $%&# <13!"&# AVGVA
56<2%4/6$&# 5!"&# =&3&# (2!"G!"@&/$&*# =!$%# $%&# D!31(# /4"$0!"!",# (12&3"0$0"$# @34<
$30"(@&/$&*#I%4&"!N#E#/&55(-#>%&#$30"(*1/&*#/&55(#=&3&#0"056W&*#0@$&3#9#0"*#8#*06(#76
@54=# /6$4<&$36# 4"# 0# HXLF# L05!713! -# .&/01(&# $%&# /4"($31/$# /426# "1<7&3# 2&3# /&55
!"@51&"/&(#3&50$!D&#@5143&(/&"/&#!"$&"(!$6;#(0<25&(#=!$%#!*&"$!/05#$30"(*1/$!4"#30$&(#=&3&
/4<203&*-
X#*!3&/$#/433&50$!4"#7&$=&&"#&N23&((!4"#30$&#0"*#3&23&(&"$0$!4"#4@#303&#D&3(1(#/4<<4"
$)SX(# %0(# 7&&"# &N$&"(!D&56# *4/1<&"$&*# YC34(Z&0"# 0"*# H!&3(;# A[V+\# T45<;# A[V]^-
X//43*!",#$4#$%&(&#3&243$(;#!@#$%&#(=!$/%#4@#$%&#MLL#/4*4"#$4#$%&#(5!,%$56#5&((#@0D43075&
MLX#/4*4"#=415*#*!3&/$56# $30"(50$&# !"$4#,&"&#&N23&((!4"# 5&D&5(;#4"&#=415*#23&*!/$#0
(5!,%$# 3&*1/$!4"#4@# 3&50$!D&# @5143&(/&"/&# !"$&"(!$6# @43# $%&#<1$0$&*#’()&*#234$&!"-#.1$
(1323!(!",56;# $%&# (!",5&#70(&#20!3# (17($!$1$!4"# 3&(15$&*# !"# 0"# !"/3&0(&;# 30$%&3# $%0"# !"# 0
*&/3&0(&;#!"#3&50$!D&#@5143&(/&"/&#!"$&"(!$6#JH!,-#VK-#>%&#3&50$!D&#@5143&(/&"/&#!"$&"(!$6#4@
’()&*89:#=0(#!"/3&0(&*#9-]#@45*#!"#$%&#S?TU9>9#5!"&#JH!,-#VXK#0"*#_-A#@45*#!"#$%&#AVGVA
5!"&#JH!,-#V.K-#ED&"#!"#’()&*GEN23&((A;#=%!/%#!(#0"#!<234D&*#D03!0"$#4@#’()&*+#!"#$%0$
!$# (%4=(# 0#<1/%# %!,%&3# @5143&(/&"/&# !"$&"(!$6# @34<# $%&# 7&,!""!",# Y.&D!(# 0"*#C5!/R;
!""!#$%&’(%)*+(%),-./(%0*)(%1*,2%)30)&,&3&,4-%2()3/&(5%,-%*%678%94/5%,-:2(*)(%,-%;<=>?@?
:(//)%AB,.%CD$%)(:4-5%24EF7%G(:*3)(%&’(%),-./(%0*)(%1*,2%)30)&,&3&,4-%12()3+*0/H%’*)%-4
(99(:&%4-%&’(%&2*-):2,1&,4-%49%&’(%.(-($%*-5%&’(%*+,-4%*:,5%)(I3(-:(%’*)%-4&%:’*-.(5$%&’(
(99(:&% 43.’&% &4% 0(% *&% &’(%+J;D%42% &2*-)/*&,4-*/% /(K(/% A:4+1*2(% 5,):3)),4-F7%G(),5()
)(K(2*/%4&’(2%(L1/*-*&,4-)$%,&%,)%14)),0/(%&’*&%&J;D%5(1/(&,4-%4::32)%532,-.%&2*-)/*&,4-%49
4K(2M(L12())(5%.(-()%A:4+1*2(%5,):3)),4-F7
Figure 8. Flow cytometry analysis of DsRed expressing cells. Fluorescent positive cells were gated, and
transduction rates and relative y-means were determined. NIH/3T3 cells (A) and 18-81 cells (B) transduced
with the retroviral CRU5-DsRed2, CRU5-DsRed537, CRU5-DsRed-Express1 and CRU5-DsRed-
Express537, respectively.
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Figure 10. Flow cytometry profiles of 18-81 cells transduced with the retroviral CRU5-HcRed, CRU5-
DsRed2, CRU5-DsRed537 and CRU5-DsRed-Express1 vector (Fig. 6), respectively. Cells were analyzed on
a MoFlow using a separate 568 nm laser line at 200 mW in combination with a 640 nm long pass filter in the
FL2 channel (first row) and on a FACS Calibur using standard settings (second row).
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Figure 11. Flow cytometry analysis of 18-81 cells transduced with CRU5 indicator vectors. Live cells were
gated based on their appearance in the forward / sideward scatter. R = DsRed2, Rm = DsRed537, IG =
IRES-GFP, Eµ = 1 kb heavy chain large intronic enhancer, (X) = TAG stop codon. The gate in sample Rm-
IG(X) was set for single cell sorting into 94 well plates.
Figure 12. Chromatograms of selected DNA sequences from three individual single cell subclones after
FACS sorting for GFP(X) revertants. First panel: anticipated stop codon reversion from TAG to TAC (single
proviral copy). Second panel: presumably two proviral copies, one TAG to TAC reversion, one TAG
unreverted. Third panel: presumably two proviral copies, one reversion from TAG to TAC and one reversion
from TAG to TAT. Additional mutation next to the stop codon for one integration site (C!A substitution).
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Figure 13. (A) Flow cytometry analysis of Rm(X) revertants in the hypermutating 18-81 line. IG = IRES-
GFP, Rm = DsRed537, (X) = amber stop codon, Eµ = 1 kb heavy chain intronic enhancer. (B) Somatic
hypermutation of the Rm(X) indicator in the presence and absence of the Eµ enhancer in the 18-81 line. x-
axis = time in days, y-axis = number of Rm(X) revertants per 1 x 106 GFP expressing cells.
Figure 14. Selected sequences from Rm(X) revertants, which show additional mutations. Mutations are
boxed. Position of mutations are indicated by the bp residue. DsRed (X) = DsRed537 gene with integrated
stop codon at bp 517. Clone # = E.coli plasmid number.
!"#"!"$!"#%&’()*+$,-,.,*(/
!"# $%&# "&’$# (&$# )*# &’+&,-.&"$(# !# -"/012&2# 34,-)1(# )$%&,# &"%4"/&,(# -"$)# $%&# ,&+),$&,
/)"($,1/$(5#6%&#78#&"%4"/&,#)*#$%&#9.:;<=78=!>#/)"($,1/$#?4(#,&+04/&2#@A#$%&#BCDE
&"%4"/&,#:$)#F&"&,4$&#$%&#9.:;<=BCDE=!>#/)"$,1/$<G#@A#$%&#HEI#@+#J4++4#IK#&"%4"/&,
:9.:;<=!IK=!><G#4"2#4#LME#@+#*,4F.&"$#)*#$%&#J4++4#-"$,)"-/#&"%4"/&,N#?%-/%#04/J&2#$%&
IK#.4$,-’#4$$4/%.&"$#,&F-)"#:OP9<#$)#$4,F&$#().4$-/#%A+&,.1$4$-)"#QR0-’#!"#$%5N#STTHU
:/)"($,1/$#9.:;<=!-=!><5#>VW#&’+,&((-"F#/&00(N#$,4"(21/&2#?-$%#)"&#)*#$%&(&#/)"($,1/$(
&4/%N#?&,&#(),$&2#4"2#(&&2&2#-"#SEE#.0#.&2-1.N#4"2#$%&#/10$1,&#?4(#&’+4"2&2#*),#S#24A
$)#4#*-"40#3)01.&#)*#MEE#.05#V,).#$%&"#)"#$%&#/10$1,&(#?&,&#(+0-$#-"#4#SXI#,4$-)#&3&,A#MD
%)1,(5#B4.+0&(#?&,&#,&.)3&2#4"2#4"40AY&2#@A#*0)?#/A$).&$,A#:V-F5#SZ<5#P(#&’+&/$&2N
$%&#9.:;<=78=!>#(4.+0&(# ,&3&40&2# $%&#%-F%&($#"1.@&,#)*# ,&3&,$4"$(# :V-F5#SZP<5#6%&
/)"($,1/$#2-2#40()#(%)?#4#%-F%#$,4"(/,-+$-)"#,4$&#&($-.4$&2#@A#$%&#,&04$-3&#’=.&4"#:V-F5
!"#$%&’()*+%,%!-./0%#12%23)%4(56/’789-’:;%<*(=>)<%<3?@)A%*>(?<2%*<%3BC3%+1(D)E<
?F%E)G)E2*+2<%*<%@)>>$%A)<=B2)%*%>?@)E%&’()*+%5HBC0%!"#$%&’()*+%,%"I/0%:+J>1<B?+%?F%23)
789-%)+3*+J)E%*><?%C*G)%23)%J?+<2E1J2%*%3BC3)E%(12*DB>B2K%23*+%23)%LM%!%)+3*+J)E0%N+A
23)%!%B+2E?+BJ%)+3*+J)E%3*A%23)%<(*>>)<2%)FF)J2$%D12%23)%J?+<2E1J2%@*<%)&=E)<<)A%D)<2%5&’
()*+%,%!-O/0%#12%)G)+%@B23%+?%)+3*+J)E%B+%J>?<)%=E?&B(B2K%2?%23)%4(56/%C)+)%E)G)E2*+2<
@)E)%E)J?EA)A%5HBC%!"N$%<*(=>)%4(56/’:;/0
A
B0
20
40
60
80
100
120
140
102.IG 102.Rm(X)-IG Eµ SV40 K3' Ki
constructs
re
lat
ive
 G
FP
 flu
or
es
ce
nc
e i
nt
en
sit
y
Figure 15. (A) Time course of Rm(X) revertants under influence of various cis-acting enhancer elements. Y-
axis = number of Rm(X) revertants per 1 x 106 GFP expressing cells. X-axis = time in days, IG = IRES-GFP,
Rm = DsRed537, Eµ = 1 kb heavy chain intronic enhancer, SV40 = SV40 enhancer, !i = 721 bp fragment of
kappa light chain intronic enhancer, !3' = kappa light chain large 3' enhancer, (X) = amber stop codon (B)
Relative GFP expression rates of reporter constructs containing various enhancers. Y-axis = relative GFP
fluorescence intensity. X-axis = construct, Eµ  = Rm(X)-Eµ-IG, SV = Rm(X)-SV40-IG, Ki = Rm(X)-Ki-IG, K3'
= Rm(X)-K3'-IG constructs
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Figure 16. Silencing of retroviral reporter constructs over time based on Fig 13. Cell numbers were
estimated by setting a gate for non-expressing cells in the flow cytometry analysis. Rm(X) = DsRed537
containing the integrated amber stop codon, Eµ = 1 kb heavy chain intronic enhancer, IG = IRES-GFP, x-
axis: time in days, y-axis: number of silenced cells in percentage
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Figure 17. Western blot analysis of AID expression in 18-
81 cells, and in NIH/3T3 cells transduced with the pLNCX2-
mAID retroviral expression vector. Upper portion of the blot,
developed with antibody to AID; lower portion, developed
with antibody to actin. Lane 1, 18-81 line; lane 2, NIH/3T3
line; lane 3, NIH/3T3 line transduced with AID. To the left of
the blot, molecular weight markers; to the right, position of
AID and actin, respectively.
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Figure 18. AID mediated somatic hypermutation in NIH/3T3 fibroblasts. Y-axis: number of GFP* revertants
per 1 x 106 live cells. X-axis: time in days. Open circles, AID-transduced cells containing GFP* reporter
without Eµ enhancer (Emu-); filled circles, AID-transduced cells containing GFP* reporter with Eµ enhancer
(Emu+). Open squares, mock (with pLNCX2) transduced cells containing GFP* reporter without Eµ
enhancer (Emu-); filled circles, mock transduced cells containing GFP* reporter with Eµ enhancer (Emu+).
Open and filled triangles, cells containing GFP* reporter only, without (Emu-), or with Eµ enhancer (Emu+),
respectively.
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Figure 19. Western blot analysis of MLH 1 expression in human 293T-Tet-Off-hMLH1 cells, developed with
antibody to MLH1. (A), before the experiment 18-81 cells; and (B), at day 30 of the experiment. To the left of
the blots, molecular weight markers; to the right of blot (B), position of MLH1. Same protein amounts were
applied in all lanes. Above the individual lanes: “off”, 50 µg/ml doxycyclin; “on”, no doxycyclin. GFP*, GFP
reporter without Eµ enhancer; and GFP*E, reporter with Eµ enhancer.
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Figure 20. AID mediated somatic hypermutation in the presence and absence of MLH1. Y-axis: number of
GFP* revertants per 1 x 106 live cells. X-axis: time in days. Diamonds, cells containing GFP* reporter with
Eµ enhancer (Emu+); AID-transduced (AID+); and MLH expressing (MLH+; filled diamonds), or MLH-non-
expressing (MLH-; open diamonds). Squares, cells containing GFP* reporter without Eµ enhancer (Emu-);
AID-transduced (AID+); and MLH expressing (MLH+; filled squares), or MLH-non-expressing (MLH-; open
squares). Open and filled triangles, cells containing GFP* reporter only, without (Emu-), or with Eµ enhancer
(Emu+), respectively.
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J1.)*+=$9#=$QH(115.++=$V#=$.+E$’.;1=$9#$Q:5.0(,$-ZH*4570.0(:+$.+E$5()5.0,-$4*H.(4$(+$+:+%B$,*11)#$"!!g#
6+$)7;5())(:+#
J1.)*+=$9#=$QH(115.++=$V#=$d:4*+)=$i#B#=$.+E$’.;1=$9#$R*04:?(4.1$?*,0:4)$0:$5:+(0:4$):5.0(,
-ZH*4570.0(:+#$"!!g#$6+$)7;5())(:+#
J1.)*+=$9#$ .+E$’.;1=$9#$ Q(1*+0$ H:(+0$ 570.0(:+$ (+$ D)R*E$ 4*)710(+<$ (+$ *+-.+,*E$ 4*1.0(?*$ /17:4*),*+,*
(+0*+)(0Z#$"!!g#$B(:[*,-+(T7*)$‘P$A"GC$"‘P$%$"‘&
!"#$%&’!(’)(&’)*"+,"-&’.(&’."/01&’2(’3(&’45665",1&’)(&’76"1$-&’2(&’"-/’89$:&’3(’8(’;/$-<5=59"<5>-’"-/
+"%<5"6’96>-5-?’>=’"’->@$6’?$-$’<%"-19%5+<’=%>,’"9<5@"<$/’%"<’,"9%>+*"?$1(’ABBC(’D8EF!’.(’GHI’GH’J’GK
76"1$-&’2(’L*$’FM’5-%>-59’$-*"-9$%’5-’1>,"<59’*:+$%,0<"<5>-(’ABBA(’DNLN38’GHI’OA’J’OP
Weitere Fähigkeiten’ Q$0<19*I’20<<$%1+%"9*6$%
F-?6519*I’=65$R$-/
Spanisch: grundlagen
Sehr gute EDV-Anwenderkenntisse in allen MS-Office Applikationen
Sehr gute Kenntnisse im Gebrauch von DNA Databanken
Hobbies ."SSJ!"1151<’0-/’7>,+>-51<&’D011T"66&’E->U’T>"%/5-?&’V5<$%"<0%
